Background. Increased interarm systolic blood pressure difference (IASBPD) is associated with mortality and cardiovascular (CV) events both in the general population and in patients at high CV risk. The aim of the present study was to assess the value of IASBPD ≥ 10 mmHg for predicting CV events in patients with chronic kidney disease (CKD). Methods. The study sample comprised 652 patients with CKD (age 67 ± 15 years, 58.1% men). Follow-up was 19 ± 5 months. We recorded increased IASBPD and related factors and assessed the predictive value of this variable for CV events. Results. We recorded diabetes mellitus in 136 patients (20.8%), history of CV disease in 213 (32.6%) and dyslipidaemia in 327 (50.1%). The mean glomerular filtration rate was 45.9 ± 18.9 mL/min/1.73 m 2 , and the median albumin/creatinine ratio was 26(0-151) mg/g. IASBPD was ≥10 mmHg in 184 patients (28.1%). The factors associated with IASBPD ≥10 mmHg were age, systolic blood pressure levels, history of congestive heart failure, lower levels of high-density lipid cholesterol and higher use of hypertensive drugs. Fifty-eight patients (8.5%) developed a CV event during the follow-up. IASBPD ≥10 mmHg [HR, 1.802, 95%CI (1.054-3.079); P = 0.031] was an independent predictor of CV events. Conclusions. Increased IASBPD is an independent predictor of CV events in CKD patients.
I N T RO D U C T I O N
Patients with chronic kidney disease (CKD) are highly likely to develop cardiovascular (CV) events [1] [2] [3] caused by traditional (e.g. hypertension, diabetes mellitus and dyslipidaemia) and non-traditional factors (e.g. inflammation, uraemia, anaemia or mineral metabolism abnormalities) [4] . Community-based studies have shown that the severity of CV risk factors correlates with the decrease in glomerular filtration rate, although subclinical abnormalities can be detected even at early stages of CKD [5, 6] .
An interarm systolic blood pressure difference (IASBPD) of ≥10 mmHg has been correlated with CV risk factors in the general population and in patients with specific conditions such as diabetes mellitus and vascular disease [7] [8] [9] [10] . Consequently, in those patients with comorbidities, prognosis is poor, and an IASBPD of ≥10 mmHg can predict CV events and mortality [7, 8] . Despite the finding of an association with all-cause mortality in CKD and non-CKD patients [11] , the literature provides little data on IASBPD and CV disease in patients with kidney impairment. Agarwal et al. evaluated the IASBPD in a cohort of 421 veteran patients, including 218 with CKD. Overall mortality was increased in those patients having an IASBPD of ≥10 mmHg even after adjusting for the presence of CKD. However, in this study, CKD patients are not deeply analysed separately (only mortality is assessed in survival curves) and CV events are not evaluated [11] . In addition, Okada et al. showed that IASBPD was related to the progression of diabetic kidney disease, as the development of albuminuria was independently associated to systolic blood pressure differences in type 2 diabetes patients. No data regarding CV prognosis are shown in this study [12] .
The objective of the present study was to assess the prevalence and prognostic value of IASBPD in a cohort of CKD patients and to establish related factors.
S U B J E C T S A N D M E T H O D S
This is a prospective observation study performed to evaluate the predictable value of IASBPD in patients with CKD. The eligible study population comprised 652 consecutive patients with hypertension and CKD. The inclusion criteria were age ≥18 years, CKD Stages 1-3 (not on dialysis) defined according to KDOQI guidelines [13] and the presence of hypertension diagnosed using the definitions of the Seventh Report of the Joint National Committee and/or therapy with antihypertensive drugs [14] . The exclusion criteria were recent hospitalization (within the previous 4 months), the presence of an arteriovenous fistula and refusal to participate in the study.
The data recorded at baseline were as follows: age and sex, aetiology of CKD (identified by clinical features and confirmed mainly by biopsy), previous CV disease [congestive heart failure (CHF) determined by echocardiography within the previous 3 months, myocardial infarction, peripheral vascular disease (PVD) and cerebrovascular disease], classic CV risk factors such as dyslipidaemia (defined using the ATP III guidelines or according to whether the patient was receiving statins [15] ), diabetes mellitus and concomitant antihypertensive medication. Renal function was assessed at baseline (glomerular filtration rate was estimated using the four-variable Modification of Diet in Renal Disease equation and urinary albumin/creatinine ratio). The nutritional and inflammatory values recorded were low-density lipid (LDL) cholesterol, high-density lipid (HDL) cholesterol, total cholesterol and high-sensitivity C-reactive protein (CRP). Routine clinical and biochemical variables were measured using standardized methods on autoanalysers. Plasma CRP level was measured using a latex-based turbidimetric immunoassay on a Hitachi analyser (Sigma Chemical Co., St. Louis, Missouri, USA). Urinary albumin excretion was measured using an immunonephelometric method.
Brachial systolic blood pressure was measured simultaneously in both arms three times with the patient seated and relaxed for at least 10 min using two sphygmomanometers. The average of the last two measurements was recorded in each arm, and the absolute difference was considered increased if the IASBPD was ≥10 mmHg. Readings were taken using an automatic electronic sphygmomanometer (Omron MX3, Omron Life Science, Kyoto, Japan). The second and third readings were each taken 2 min after the previous one.
Patients were followed for 19 ± 5 months, and CV events were recorded. CV events were defined as myocardial infarction (diagnosed by elevation in cardiac markers and electrocardiography and confirmed by cardiac catheterization), CHF [diagnosed according to clinical criteria (excess fluid accumulation objectified as dyspnoea, ankle or abdominal swelling and decrease in cardiac output as weakness) and/or a left ventricular ejection fraction of <45%], ischaemic or haemorrhagic cerebrovascular accident (diagnosed using computed tomography), PVD (diagnosed based on stenosis of the primary arteries or lower extremities confirmed by arteriogram and/or need for amputation) and other ischaemic conditions (as mesenteric ischaemia or ischaemic neuritis). We analysed factors associated with and independent predictors of CV events.
Values are expressed as mean (standard deviation) or median (interquartile range) depending on their distribution, which was assessed using the Kolmogorov-Smirnov test. IASBPD was defined as a difference in interarm systolic blood pressure ≥10 mmHg, as reported previously [7, 8] . A comparison was performed between patients with IASBPD < 10 mmHg and patients with ≥10 mmHg. Categorical data were compared using the chi-square test; continuous variables were compared using the t-test or Mann-Whitney test. Analysis of variance was used to compare parameters between groups. Cox regression analysis (ENTER method) was used to assess risk factors associated with CV events and for the multivariate analysis. Significant variables in the univariate analysis or variables considered confounders for assessing independent predictors of CV events were included in the multivariate analysis. For assessing the confounders, we checked the hazard ratio (HR) modifications when introducing variables by par. Variables that showed modifications in more than 10% of the basal HR were introduced in the final model. The development of CV events was analysed using Kaplan-Meier plots, and the survival curves were compared using the log-rank test. An ageand sex-adjusted interaction analysis was performed for CV events with Cox regression models using the significant variables and the IASBPD. All statistical analyses were performed with SPSS 18.0 (SPSS, Inc., Chicago, Illinois, USA). A P value of <0.05 was considered statistically significant.
R E S U LT S
Baseline characteristics A total of 652 patients (mean age, 67 ± 15 years; 58.1% males) were included in the study. Regarding the stage of CKD, 85 patients (13%) had Stages 1 and 2, 261 (40%) had Stage 3 and 306 (47%) had Stage 4. Patient characteristics at enrolment in both groups are summarized in Table 1 .
Interarm systolic blood pressure difference IASBPD was ≥10 mmHg in 184 patients (28.2%). The median IASBPD was 5 (2-10) mmHg. Patients with IASBPD ≥ 10 mmHg were older; received more antihypertensive drugs; and had higher rates of CHF, higher levels of systolic blood pressure and lower levels of HDL (Table 2 ). CKD was Stage 1 or 2 in 13% of patients, Stage 3a in 40.1% and Stage 3b in 46.9%. No differences in IASBPD were found between the stages of CKD (P = 0.52). Similar findings were obtained when IASBPD was taken as a continuous variable (Table 3) .
Cardiovascular events during follow-up
During follow-up (19 ± 5 months), 56 patients (8.5%) experienced a CV event: 24 of 184 patients with IASBPD ≥ 10 mmHg (13%) and 32 of 468 patients with IASBPD < 10 mmHg (6.8%) (P = 0.008). CV events were distributed as follows: CHF, 53.6%; myocardial infarction, 26.8%; peripheral vascular event, 8.9% and cerebrovascular accident, 0.8%.
Increased CV risk was associated with age, male sex, diabetes mellitus, dyslipidaemia, previous CV events, lower diastolic blood pressure, worse renal function (estimated by MDRD-4), lower levels of HDL, the use of more antihypertensive drugs and IASBPD (≥10 mmHg, and per 10 mmHg increase) ( Table 4) . Kaplan-Meier survival plots (Figure 1 ) showed worse CV survival in patients with IASBPD ≥ 10 mmHg (log-rank, 7.23; P = 0.007).
The results of the Cox regression model adjusted for age, sex, diabetes mellitus, renal function (MDRD-4), dyslipidaemia and therapy with antihypertensive drugs showed that IASBPD ≥ 10 mmHg, diastolic blood pressure and previous CV disease predicted CV events in CKD patients (Table 5) .
Finally, an age-and sex-adjusted interaction was found between IASBPD and history of PVD, myocardial infarction, CHF, dyslipidaemia and diabetes (P for interaction <0.0001 for all the factors) ( Figure 2 ).
D I S C U S S I O N
In this prospective cohort study of patients with CKD, IASBPD ≥ 10 mmHg was found to be an independent predictor of CV events after a follow-up period of 19 ± 5 months.
The prevalence of IASBPD ≥ 10 mmHg in our population was 28.2%, which is consistent with the findings of studies based on patients with PVD, although it is higher than that reported for primary care patients, patients with diabetes and elderly patients [7, 10, 16, 17] . CKD plays a major role in atherosclerosis and vascular disease, and several reports have suggested CKD to be as important as other CV risk factors in this regard [4] . Our results agree in part with this hypothesis, as higher prevalence of comorbidities was found in our cohort. 
O R I G I N A L A R T I C L E
I A S B P D i n C K D However, we found no differences in the prevalence of IASBPD at different stages of CKD, and also eGFR was not an independent predictor of CV events (ir was only associated in univariate analysis). In the only study published including CKD patients, renal impairment was associated with a higher prevalence of IASBPD when compared with non-CKD patients, although no data were provided about the different stages [11] . In our study, we did not included patients without CKD, so this hypothesis could not be confirmed, despite its biological plausibility. Current guidelines recommend measuring blood pressure in both arms, and, if a difference is detected, decisions on therapy should be based on the higher of the two readings [18, 19] . Only National Institute for Health and Clinical Excellence guidelines refer to IASBPD suggesting that a difference of 20 mmHg could be associated to vascular disease, and considering normal a difference lower than 10 mmHg [18] . No specific analyses have been developed to detect target organ damage in patients with IASBPD. However, some authors have demonstrated excellent correlations between IASBPD and increased CV risk [9] . In our study, we found an association between age, lower levels of HDL, history of CHF, higher systolic blood pressure and IASBPD ≥ 10 mmHg. Data reported recently by Sun et al. are consistent with our findings, namely, that the increase in IASBPD was more pronounced in patients with higher systolic blood pressure levels [20] . Other reported associations support a causal link between IASBPD and CV risk factors [10, 21, 22] .
The most important finding of our study is that increased IASBPD is predictive of CV events in CKD patients, even after adjustment for classic risk factors, such as history of CV disease. These results confirm our initial hypothesis that in patients with CKD, IASBPD higher than 10 mmHg is an interesting marker for stratifying their CV profile. This predictive capacity is explained by the fact that a difference in blood pressure between arms could be caused by aortic aneurism, coarctation of the aorta, vasculitis, fibromuscular dysplasia, connective tissue disorders and thoracic compression; however, in most cases, the difference is due to subclinical atherosclerosis [10] . The association between differences in systolic blood pressure and atherosclerosis has not been clearly demonstrated. This association was previously reported in the general population, primary care patients and other risk groups, such as patients with diabetes mellitus, patients who have had acute ischaemic stroke and patients with PVD [7, 8, 16, 17, 23] . Although the majority of reports have found a greater prevalence of CV morbidities in those patients with higher rates of IASBPD, the lack of imaging evidence still remains. In a recent study, Su et al. demonstrated that IASBPD was associated with pulse-wave velocity and left ventricular hypertrophy, both indirect markers of atherosclerosis [24] .
Regarding CKD patients, a study conducted by Agarwal et al. showed a worse prognosis in terms of global mortality in those patients who had higher IASBPD (mortality increased 28% per each 10 mmHg increase in the difference between arms) [11] . In our study, an association between CV events and IASBPD was found as well [RR 1.34, 95%CI (1.08-1.67), P = 0.008], and probably the importance of this data in this population (CKD) lies in its high-risk CV profile.
Our findings led us to hypothesize that patients with CKD can stratify their CV risk with regular monitoring of blood pressure. In addition, patients with increased IASBPD should be considered at high risk of CV events, and probably intensive control and early treatment could improve their prognosis. F I G U R E 1 : Kaplan-Meier plot illustrating association between CV events and IASBPD ≥ 10 mmHg (chi-square test, 7.23; P = 0.007). However, intervention studies must be performed to confirm this statement.
Interestingly, in our study, the interaction between history of CV disease (PVD, CHF and myocardial infarction) and CV risk factors (dyslipidaemia and diabetes) increased the risk of CV events, thus illustrating the pronounced effect of atherosclerosis and other well-known predictors of CV disease.
Our study is subject to three limitations. First, we used simultaneous measurements. Other authors have assessed IASBPD using sequential measurements, with the same oscillometric devices and avoiding calibration bias [7] . However, in our opinion, simultaneous measurement better reflects real blood pressure and enables comparison between arms. In addition, we used the same device to avoid bias. Second, given that our data are from a single centre, the results should be confirmed in community-based studies including CKD patients. Finally, the prevalence of CV comorbidities is high, so extrapolation of these results must be applied cautiously.
In conclusion, increased IASBPD is an independent predictor of CV events in patients with CKD.
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